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ELECTROMAGNETIC SENSOR CABLE AND
ELECTRICAL CONFIGURATION THEREFOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

Not applicable.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

BACKGROUND OF THE INVENTION

The invention relates generally to the field of marine elec-
tromagnetic surveying of subsurface formations. More spe-
cifically, the invention relates to electrical configurations for
clectromagnetic sensor cables used in such surveying.

Marine electromagnetic geophysical surveying may be
used to infer spatial distribution of electrical conductivity of
rock formations below the bottom of a body of water such as
a lake or ocean. The spatial distribution of conductivity may
be used to assist mn determining presence of hydrocarbon
bearing formations 1n the subsurface. One type of such elec-
tromagnetic geophysical surveying 1s known as “controlled
source” electromagnetic surveying, and generally includes
inducing a time varying electromagnetic field in the subsur-
face formations and measuring one or more parameters
related to a response of the subsurface rock formations to the
induced electromagnetic field.

Devices for inducing such electromagnetic fields are gen-
crally referred to as “sources™ or “transmitters” and include,
among other devices, spaced apart electrodes or wire loops or
coils disposed along or at the end of a cable. The cable may be
towed by a vessel in the body of water. Time varying electric
current 1s imparted across the electrodes, loops or coils gen-
erally from a power source located on the vessel, to induce a
time varying electromagnetic field 1in the water and subse-
quently in the subsurface formations. The electrodes, wire
loops or coils may be suspended at a selected depth in the
water by the use of floatation devices such as buoys, or the
source cable itself may be neutrally or otherwise buoyant.

The response of the subsurtace formations below the water
bottom may be detected by various sensors which may be
disposed on long cables or “streamers™ towed 1n the water
behind the survey vessel or a different vessel. In some
examples, the streamer mcludes pairs of spaced apart elec-
trodes to detect an electric potential component 1n the elec-
tromagnetic field response.

The direct electromagnetic field strength decreases rapidly
with respect to distance from the electromagnetic field source
in an electromagnetic (EM) measurement system. The corre-
sponding responsive electromagnetic field modulated by the
subsurface rock formations decreases even more rapidly with
respect to distance from the source. When electrode pairs are
used to detect the electric potential component 1n the EM
field, such pairs need to have a short separation between the
clements of the pair when the pair 1s disposed close to the
source 1n order to not saturate an mput amplifier typically
associated with the electrode pair. At longer distances (re-
ceiver distance from the source, called “offset”) from the
source the electrodes 1n respective pairs may need to be sepa-
rated by greater distances 1n order to be able to measure the
weaker electric potential component.

Marine streamers are typically assembled from segments
cach about 75 meters length, and may include a number of
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such interconnected segments such that the total streamer
length may be several kilometers. “Short” electrode pairs can
typically be fitted within a standard marine geophysical
streamer segment length of 75 m, while longer electrode pair
lengths can be many times longer than the length of a typical
streamer segment. The spacing requirements for near offset
and long offset electrode pairs are thus contradictory with
respect to designing a single streamer wiring configuration.

What 1s needed 1s a wiring configuration that can be used 1n
a marine sensor streamer having selectable spacing between
respective pairs of electrodes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example embodiment of a marine electro-
magnetic survey system using sensor cables according to the
ivention.

FIG. 2 shows an example embodiment of sensor cable
segments having reversible wiring to electrodes disposed on
the surface of the segment.

FIG. 3 shows an example embodiment of a signal process-
ing module.

FIG. 4 shows a power circuit that may be used 1n some
embodiments of a module according to FIG. 3.

FIG. 5§ shows an example embodiment of interconnected
sensor cable segments.

DETAILED DESCRIPTION

An example embodiment of a marine electromagnetic sur-
vey system 1s shown schematically in FIG. 1. The electro-
magnetic survey system includes a sensor cable 10 that may
be assembled from a plurality of cable segments 10A, signal
processing modules (“modules™) 50 and an end plug 50A at
the aft end (with respect to towing direction) of the sensor
cable 10. The cable segments 10A will be explained in more
detail below with reference to FIG. 2. Some of the modules 50
may include various interconnection and signal processing
circuits as will be explained with reference to FIG. 3. The
sensor cable 10 1s shown being towed at the end of a tow cable
14 by a survey vessel 18 moving on the surface of a body of
water 11 such as a lake or an ocean. The sensor cable 10 may
alternatively be deployed on the water bottom 23. Alterna-
tively, more than one such sensor cable may be towed by the
survey vessel 18 or another vessel (not shown) or one or more
additional sensor cables may be deployed on the water bot-
tom. The end plug 50A may be provided 1n some embodi-
ments to exclude water from entering an exposed termination
(explained with reference to FIG. 2) at the aft end of the
altmost cable segment 10A or module 50. The end plug 50A
need not include any electrical or optical circuitry therein.

The vessel 18 may include thereon equipment, shown gen-
erally at 20 and referred to for convemence as a “recording
system” that may include devices (none shown separately) for
navigation, energizing electrodes or antennas for imparting
an electromagnetic field 1in the formations 24 below the water
bottom 23, and for recording and processing signals gener-
ated by the various sensors (FIG. 2) on the sensor cable 10.

The electromagnetic survey system shown in FIG. 1 may
include an electromagnetic source cable 16 for inducing an
clectromagnetic field 1n the formations below the water bot-
tom 23. The source cable 16 may consist of a tow cable
coupled to the vessel 18 and including insulated electrical
conductors (not shown) and a strength member (not shown
separately) to transmit axial towing force from the vessel 18.
The aft end (with respect to towing direction) of the tow cable
may be coupled to one end of a first electrode cable 16 A. The
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ait end of the first electrode cable 16 A may be coupled to a
spacer rope or cable 16C. The aft end of the spacer rope or
cable 16C may be coupled to the forward end (with respect to
towing direction) of a second electrode cable 16B. The source
cable 16 may be towed by the survey vessel 18 or by a
different vessel (not shown). The electrode cables 16 A, 168
may be energized at selected times by an electrical current
source (not shown separately) in the recording system 20 orin
other equipment (not shown) so as to mnduce a time varying
clectromagnetic field 1n the formations below the water bot-
tom 23. The current may be alternating current or switched
direct current (e.g., switching current on, switching current
olf, reversing current polarity, or sequential switching such as
a pseudorandom binary sequence). The configuration shown
in FIG. 1 induces a horizontal dipole electric field in the
subsurface when the electrodes 16A, 168 are energized by
the electric current. The type of current used to energize the
clectrodes 1s not limited to the foregoing as the invention 1s
applicable to use with both frequency domain (continuous
output and transient induced electromagnetic fields.

Additionally, or alternatively, as will be appreciated by
those skilled in the art, the electric current may be passed
through a wire loop or coil 17 towed by the source cable 16.
Electric current as explained above so passed through the coil
17 will induce a time varying magnetic field, and thus an
clectromagnetic field, in the water 11 and the formations 24
below the water bottom.

Example embodiments of sensor cable segments forming,
part of the cable of FIG. 1 are shown schematically 1n FIG. 2.
A sensor cable segment 10A may include a water resistant,
clectrically non-conductive jacket 30 such as may be made
from polyurethane or similar plastic. The jacket 30 may
extend the entire length of the segment 10A. At longitudinal
ends of the segment 10A, a termination plate 34 may be
disposed. The termination plate 34 may be configured to
sealingly engage the interior surface of the end of the jacket
30, and may include electrical connectors 35 therein for mak-
ing electrical connection to an adjacent sensor cable segment
10A or to an electronic module 50. Example circuitry for one
or more modules 50 will be further explained with reference
to FIG. 3. The segment 10 A may include one or more strength
members 32 disposed 1nside the jacket 30 and coupled at the
longitudinal ends thereot to a respective termination plate 34.
Axial loading during towing the sensor cable (10 1n FIG. 1)
through the water may be carried by the strength member 32,
which may be made, for example, from natural or synthetic
fiber rope.

Each sensor cable segment 10A may include disposed on
an exterior surface of the jacket 30 a plurality of spaced apart
clectrodes E1, E2, E3, E4. The electrodes E1, E2, E3 E4 may
be arranged on the jacket 30 to be 1n contact with the water,
and may be sealingly engaged to the jacket 30 to resist intru-
s1on of water 1nto the interior of the jacket 30. The electrodes
E1l,E2, E3, E4 may be any electrode structure known in the art
for use with electromagnetic sensing cables or sensor cables.
Each electrode E1, E2, E3, E4 may be electrically coupled to
a respective electrical conductor 36, 38, 40, 42 disposed
inside the jacket 30 and terminated at each longitudinal end 1n
one of the electrical connectors 35 1n each termination plate
34. The electrical conductors 36, 38, 40, 42 may extend and
connect to the electrical connectors 35 1n each termination
plate 34 so that electrical connection to each electrode E1, E2,
E3, E4 may be possible at each end of the sensor cable
segment 10A. In some embodiments, the electrical connec-
tors 35 1n each termination plate 34 may be hermaphroditic so
that the segment 10A may be coupled 1n a sensor cable (10 in
FIG. 1) 1n etther longitudinal direction and provide the same

10

15

20

25

30

35

40

45

50

55

60

65

4

clectrical connections to the respective electrodes E1, E2, E3,
E4. It should be noted that using such hermaphroditic con-
nectors 1s optional. While the example embodiment of the
sensor cable segment 10A shown in FIG. 2 includes four
clectrodes and four corresponding electrical conductors, it
should be clearly understood that any convenient number of
clectrodes and corresponding electrical conductors may be
used 1n other embodiments without exceeding the scope of
the present invention.

The sensor cable segment 10A may include one or more
buoyancy spacers 31. Such spacers 31 may be made from
foamed polypropylene so as to be substantially rigid, yet
provide buoyancy to the sensor cable segment 10A. The num-
ber of buoyancy spacers will depend on the weight 1n water of
the other components of the sensor cable segment 10A and
the desired buoyancy for the sensor cable segment 10.

In addition to the electrical conductors 36, 38, 40, 42 some
embodiments of the sensor cable segment 10A may include
one or more optical fibers 39 extending inside the jacket 30
from one termination plate 34 to the other and may be termi-
nated therein by suitable optical connectors 37. The optical
fiber(s) 39 may be used 1n some embodiments to communi-
cate signals, for example, commands from the recording unit
(20 1n FIG. 1) and data to the recording unit (20 1n FIG. 1) to
and from the various modules 50 without generating electri-
cal interference.

Void space 1n the interior of the jacket 30 may be filled with
a buoyancy void filler 46, such as may be made from a
polymerizing agent dispersed 1n o1l or kerosene. Such mate-
rial may be introduced into the interior of the jacket 30 in
liquid form and may subsequently change state to semi-solid,
such as a gel. Such material may further resist entry of water
into the interior of the jacket 30 and may reduce the possibil-
ity of leakage of hazardous material into the water 1n the event
the jacket 30 becomes damaged. Such matenals are known 1n
the art to be used 1n making seismic sensor streamers.

The two sensor cable segments 10A 1n FIG. 2 are shown
coupled to opposite ends of one of the signal processing
modules 50. Referring to FIG. 3, the signal processing mod-
ules 50 may each have a housing 52 made from a high
strength, preferably non-magnetic material, for example, tita-
nium, stainless steel or high strength plastic. The signal pro-
cessing modules 50 may include terminations (see FIG. 2) on
both longitudinal ends that each may make both mechanical
and electrical and/or optical connection to the termination
plate (34 in FIG. 2) at one end of one of the sensor cable
segments (10A 1n FIG. 2). The housing 52 and terminations
may be configured to exclude water entry from an interior
space 1nside the housing 52. The electrical conductors 36, 38,
40, 42 and the optical conductor 39 described above with
reference to FIG. 2 may be electrically and optically contin-
ued from the termination on each side of the housing 352
through the interior of the housing 52. The electrical conduc-
tors 36, 38, 40, 42 may be coupled to a multi-pole switch,
which 1n the present example embodiment may be an eight-
pole switch 54. The eight-pole switch 54 enables selected
ones of the electrodes (E1, E2, E3, E4 1n FIG. 2) to be
clectrically coupled to input terminals of one or more low
noise amplifiers 56. There may be a plurality of low noise
amplifiers 56 as shown, or, alternatively a smaller number of
low no1se amplifiers having multiplexers (not shown) coupled
between the switch 54 and inputs to the low noise amplifiers
56. The combination of switch 54 (and/or multiplexer) and
low no1se amplifiers 56 enables electric potential signals from
any selected pair of electrodes 1n the two sensor cable seg-
ments (10A 1n FIG. 2) to be measured. The signals measured
may be voltage related to the amplitude of the electric field
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between the selected electrodes (1.e., the circuits are arranged
such that the selected electrodes are coupled across the input
to a voltage measuring circuit). Measurement may be made
using a mixed signal device such as a combined analog to
digital converter, programmer, data storage and controller
(“controller’”), shown at 38 in FIG. 3. Such devices are known
in the art and may be application specific integrated circuits,
or combinations of circuit elements to perform substantially
the same functions. The controller 58 may also include inter-
nal or external circuitry (not shown separately) to convert
clectrical signals to optical signals. Optical signals may be
communicated to the recording unit (20 1n FIG. 1) and/or to
other ones of the signal processing modules 50 1n the sensor
cable (10 mn FIG. 1). Using optical signal communication
between signal processing modules and between the record-
ing unit (20 1n FIG. 1) and the signal processing modules 50
may reduce any noise introduced into the electrical field
measurements made between selected pairs of the electrodes.

As would be understood by one of ordinary skill in the art
with the benefit of this disclosure, switch 54 may be comprise
an exchangeable fixed wiring implemented before survey
operations begin, or alternatively switch 34 may comprise a
software controlled electronic switch to provide dynamic
switching during survey operations (e.g., while towing the
marine electromagnetic sensor cable system through the body
of water). Some embodiments of the signal processing mod-
ule 50 may omit the multi-pole switch 54 or equivalent mul-
tiplexer and switch combination and include only one or more
low noise amplifier 56. The inputs to the low noise amplifier
56 may be made directly to selected ones of the electrical
conductors 36, 38, 40, 42 depending on the desired electrical
configuration of the sensor cable (10 1n FIG. 1).

Potential signals measured between selected pairs of the
clectrodes 1n two sensor cable segments 10A interconnected
by a signal processing module 30 may be combined with
measurements made and/or stored 1n different signal process-
ing modules (30 1n FI1G. 1) to synthesize signal measurements
corresponding to any selected pair of electrodes by commu-
nicating signals optically (or electrically) between signal pro-
cessing modules 50.

To further reduce introduction of electrical noise nto the
measurements made across the various pairs of electrodes, it
may be desirable to have an electrical power source to operate
cach of the signal processing modules 50 disposed 1n or
associated with each of the signal processing modules 50.
Referring to FIG. 4, each signal processing module 50 may
include a relay K, a power conditioner 60 and a battery 62 or
other electrical energy storage device. The battery 62 may be
used to operate the electrical circuitry 1n each signal process-
ing module 50 as described with reference to FIG. 3. In the
present embodiment, each sensor cable segment 10A may
include power conductors 64 ultimately coupled to an electric
power source, such as high voltage AC or DC, in the recording,
unit (20 1n FIG. 1). In the present embodiment, during survey
operations, the power conductors will typically not be ener-
gized. Therelore, each relay K 1s 1n 1ts normally open posi-
tion. In such position, connections between signal processing,
modules 50 of the power conductors are opened, so that no
inductive loops are formed by the power conductors 64.
Between surveys, the power conductors 64 may be energized.
By energizing the power conductors 64 all the relays K move
to their normally closed position. Electrical power 1s thereby
conducted to the power conditioner 60 in each signal process-
ing module 50 to charge the respective battery 62 therein for
continued surveying operations.

Another example embodiment 1s shown 1n FIG. 5, wherein
cach sensor cable segment 10A may include a selected num-
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6

ber of electrodes E, for example, two. Each sensor cable
segment 10A(1)-10A(v) may 1nclude a selected number of
clectrical conductors extending the length of the entire sensor
cable segment 10A, for example, four, so that electrical con-
nection to each electrode E may be made from either end of
the sensor cable segment 10A. The example in FIG. 5 shows
the tow cable 14 connected to a first signal processing module
50. A first sensor cable segment 10A(1) as explained with
reference to FIG. 2 may be connected to the first signal
processing module 50 connected to the end of the tow cable.
A second signal processing module 50 may be connected to
the other end of the first sensor cable segment 10A(1). One or
more additional sensor cable segments 10A(11)-10A(111) may
be connected end to end as shown, and then connected to a
third signal processing module 350. Internal through wiring
may be provided such that 1n some example embodiments,
the direction of the sensor cable segment as 1t 1s connected to
adjacent components may be made 1n erther axial direction
(although this 1s not a requirement of the invention). Using a
configuration such as shown 1n FIG. 5 1t may be possible to
connect sensor cable segments in such manner as to obtain a
selected distance between pairs of electrodes connected to the
circuits 1n the signal processing modules 50, for example,

there may be an increasing distance between electrodes (E1
through E4 1n FIG. 2) with respect to oilset (distance between
the selected electrode pairs and the source (16 A, 16B and/or
17 n FIG. 1).

In the specific embodiment illustrated in FIG. 5, each sen-
sor cable segment 10A(1)-10A(v) includes two electrodes
E1-E2 and four electrical conductors. The potential between
a first electrode and a second electrode measured at each
signal processing module on each electrical conductor 1s
illustrated as follows:

First Electrode Second Electrode Voltage

El 10A(1) E2 10A(1) V1l
El 10A(1) El 10A(11) V21
El 10A(1) El 10A(1v) V31

E2 10A(1) E2 10A(11) V22
E2 10A(i1) E2 10A(1v) V32
E2 10A(1) El 10A(111) V23
El 10A(111) El 10A(V) V33
E2 10A(1) E2 10A(111) V 24
E2 10A(111) E2 10A(V) V 34

These voltages may be combined to synthesize voltage mea-
surements between additional electrode pairs. For example,

the voltage between electrode E1 on sensor cable segment

10A(1) and electrode E2 on sensor cable segment 10A(111)
may be synthesized by the addition of V11 and V24. Simi-
larly, the voltage between electrode E1 on sensor cable seg-
ment 10A(1) and electrode E1 on sensor cable segment 10A
(v) may be synthesized by the addition o1 V11,V24, and V33.
Consequently, by selecting the number of electrodes and the
number of electrical conductors for each sensor cable, and by
selectively measuring the potential between certain pairs of
clectrodes, the potential between any selected pair of elec-
trodes on the sensor cable may be synthesized. This allows for
strategic selection of distance between electrodes for poten-
t1al measurement without need to modity the design or con-
struction of the sensor cable. Synthesis of potential signals
from one or more measured or synthesized potential signals
may be done at any one or more of the signal processing
modules and/or at the recording system. Such synthesis may

include both addition and subtraction of potential signals.
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In some embodiments, a “sensor cable subsystem™ may
include a signal processing module 50 coupled to one or more
sensor cable segments 10A which are coupled together at
longitudinal ends. For example, FIG. 2 shows a single sensor
cable subsystem coupled to a second sensor cable segment,
while FIG. 5 shows three sensor cable subsystems coupled
together. As previously discussed, the circuitry of a sensor
cable subsystem 1s configured to allow measurement of elec-
tric potential signals by signal processing module 50 between
any selected pair of electrodes disposed on any of the sensor
cable segments 1n the sensor cable subsystem. In a sensor
cable such as shown 1n FIG. 1, a plurality of such sensor cable
subsystems may be connected end to end as shown, with a
torward end (with respect to towing direction) of the plurality
ol subsystems connected to a cable from the survey vessel (18
in FIG. 1) or other tow vessel. The aft end (with respect to

towing direction) of the interconnected subsystems may
include an end plug S0A. Additionally, the switch (34 in FIG.
3) in each signal processing module 50 may be configured so
that electrical voltage signals may be measured across any
selected pair of electrodes disposed on any of the sensor cable
segments 1n the receiver sensor cable. In some embodiments,
only a single sensor cable subsystem may be used. The aftend
of the single sensor cable subsystem in such embodiments
may be coupled to an end plug (50A 1n FIG. 1) as explained
above. In such embodiments, terminals from the switch (34 1n
FIG. 3) that would otherwise be connected to an aft sensor
cable segment may remain unconnected.

An electromagnetic sensor cable made according to the
invention may provide a high degree of flexibility in selecting
clectrode spacing for measuring electric potential compo-
nents 1n an induced electromagnetic field, so that, for
example, electrode spacing for individual measurements may
be selectively related to ofiset, while simplifying and stan-
dardizing construction of sensor cable segments and signal
processing modules.

While the invention has been described with respect to a
limited number of embodiments, those skilled 1n the art,
having benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope of the invention as disclosed herein. Accordingly, the

scope of the imnvention should be limited only by the attached
claims.

What 1s claimed 1s:

1. A marine electromagnetic sensor cable system, compris-
ing a first sensor cable subsystem comprising:

at least a first sensor cable segment comprising;:

a first plurality of spaced apart electrodes positioned
with respect to the first sensor cable segment to elec-
trically contact a body of water when the first sensor
cable segment 1s immersed therein, and

a first plurality of electrical conductors, each of the first
plurality of electrical conductors extending from one
longitudinal end of the first sensor cable segment to
the other,

wherein each of the first plurality of spaced apart elec-
trodes 1s respectively coupled to a different conductor
from the first plurality of electrical conductors; and

a {irst signal processing module electrically coupled to the
first sensor cable segment at a longitudinal end thereof,
the signal processing module including a first voltage
measuring circuit electrically connected between two or
more electrodes from the first plurality of electrodes.

2. The system of claim 1 wherein the first signal processing,

module comprises a first multi-pole switch configured to
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make selective connection between any pair of the two or
more electrodes connected to the first voltage measuring cir-
cuit.

3. The system of claim 2 wherein the multi-pole switch
comprises a software controlled electronic switch.

4. The system of claim 1 wherein the first signal processing
module comprises circuitry capable of amplitying and digi-
t1zing measurements of voltage made between any pair of the
two or more electrodes connected to the first voltage measur-
ing circuit.

5. The system of claim 4 further comprising an electrical to
optical converter coupled to an output of the digitizing cir-
cuitry, an optical fiber coupled to an output of the converter
and wherein the first sensor cable segment comprises an
optical fiber extending from one longitudinal end of the first
sensor cable segment to the other.

6. The system of claim 1 further comprising an end plug
coupled to a longitudinal end of the first sensor cable sub-
system.

7. The system of claim 1 further comprising an hermaph-
roditic connector disposed at each longitudinal end of the
sensor cable segment.

8. The system of claim 1 wherein the first sensor cable
subsystem further comprises a second sensor cable segment
coupled at one longitudinal end to the first sensor cable seg-
ment, the second sensor cable segment comprising;:

a second plurality of spaced apart electrodes positioned
with respect to the second sensor cable segment to elec-
trically contact the body of water when the second sen-
sor cable segment 1s immersed therein, and

a second plurality of electrical conductors, each of the
second plurality of electrical conductors extending from
one longitudinal end of the second sensor cable segment
to the other,

wherein each of the second plurality of spaced apart elec-
trodes 1s respectively coupled to a different conductor
from the second plurality of electrical conductors.

9. The system of claim 8 wherein the first signal processing,
module comprises a first multi-pole switch configured to
make selective connection between any pair of electrodes
selected from the first plurality of electrodes and the second
plurality of electrodes.

10. The system of claim 9 wherein the first multi-pole
switch comprises a software controlled electronic switch.

11. The system of claim 8 further comprising a second
signal processing module coupled to a longitudinal end of the
first sensor cable subsystem, the second signal processing
module comprising a second voltage measuring circuit elec-
trically connected between two or more electrodes selected
from the first plurality of electrodes and the second plurality
of electrodes.

12. The system of claim 1 further comprising a second
signal processing module coupled to the opposed longitudi-
nal end of the first sensor cable segment as the first signal
processing module, the second signal processing module
comprising a second voltage measuring circuit electrically
connected between two or more electrodes from the first
plurality of electrodes.

13. The system of claim 1 wherein the first sensor cable
subsystem 1s coupled to a tow cable extending from a survey
vessel, the first sensor cable subsystem configured so that
either the first sensor cable segment or the signal processing
module 1s connectable to the tow cable.

14. The system of claim 1 further comprising a second
sensor cable subsystem coupled to a longitudinal end of the
first sensor cable subsystem, the second sensor cable sub-
system comprising:
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at least a second sensor cable segment comprising:

a second plurality of spaced apart electrodes positioned
with respect to the second sensor cable segment to
clectrically contact the body of water when the second
sensor cable segment 1s immersed therein, and

a second plurality of electrical conductors, each of the
second plurality of electrical conductors extending
from one longitudinal end of the second sensor cable
segment to the other,

wherein each of the second plurality of spaced apart
clectrodes 1s respectively coupled to a different con-
ductor from the second plurality of electrical conduc-
tors; and

a second signal processing module electrically coupled to

the second sensor cable segment at a longitudinal end
thereol, the signal processing module including a sec-
ond voltage measuring circuit electrically connected
between two or more electrodes from the second plural-
ity of electrodes.

15. A method for conducting a marine electromagnetic
survey, the method comprising:

towing a marine electromagnetic sensor cable system

through a body of water, the marine electromagnetic

sensor cable system comprising a first sensor cable sub-
system comprising:

at least a first sensor cable segment comprising:

a first plurality of spaced apart electrodes positioned
with respect to the {first sensor cable segment to
clectrically contact the body of water when the first
sensor cable segment 1s immersed therein, and

a first plurality of electrical conductors, each of the
first plurality of electrical conductors extending
from one longitudinal end of the first sensor cable
segment to the other,

wherein each of the first plurality of spaced apart
clectrodes 1s respectively coupled to a different
conductor from the first plurality of electrical con-
ductors; and

a first signal processing module electrically coupled to

the first sensor cable segment at a longitudinal end
thereot, the signal processing module including a first
voltage measuring circuit; and

measuring a first voltage between two or more electrodes

from the first plurality of electrodes with the first voltage

measuring circuit.

16. The method of claim 15 wherein the first signal pro-
cessing module comprises a first multi-pole switch, the
method further comprising: using the first multi-pole switch
to make selective connection between any pair of the two or
more electrodes connected to the first voltage measuring cir-
cuit.

17. The method of claim 16 further comprising dynami-
cally switching the multi-pole switch while towing the marine
clectromagnetic sensor cable system through the body of
water.

18. The method of claim 15 further comprising: using
circuitry of the first signal processing module to amplify and
digitize measurements of the first voltage.

19. The method of claim 18 wherein the first sensor cable
subsystem further comprises an electrical to optical converter
coupled to an output of the digitizing circuitry of the signal
processing module, an optical fiber coupled to an output of
the converter and wherein the first sensor cable segment com-
prises an optical fiber extending from one longitudinal end of
the first sensor cable segment to the other.
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20. The method of claim 135 wherein the first sensor cable
subsystem further comprises an end plug coupled to an aft end
of the first sensor cable subsystem.

21. The method of claim 135 wherein the first sensor cable
subsystem further comprises an hennaphroditic connector
disposed at each longitudinal end of the first sensor cable

segment.
22. The method of claim 15 wherein:

the first sensor cable subsystem further comprises a second

sensor cable segment coupled at one longitudinal end to

the first sensor cable segment, the second sensor cable
segment comprising:

a second plurality of spaced apart electrodes positioned
with respect to the second sensor cable segment to
clectrically contact the body of water when the second
sensor cable segment 1s immersed therein, and

a second plurality of electrical conductors, each of the
second plurality of electrical conductors extending
from one longitudinal end of the second sensor cable
segment to the other,

wherein each of the second plurality of spaced apart
clectrodes 1s respectively coupled to a different con-
ductor from the second plurality of electrical conduc-
tors, and

the method further comprises measuring a second voltage

between two or more electrodes, each electrode selected

from either the first plurality of electrodes or the second
plurality of electrodes, with the first voltage measuring
circuit.

23. The method of claim 22 wherein the first signal pro-
cessing module comprises a first multi-pole switch, the
method further comprising: using the first multi-pole switch
to make selective connection between any pair of electrodes
selected from the first plurality of electrodes and the second
plurality of electrodes.

24. The method of claim 135 wherein:

the sensor cable system further comprises a second sensor

cable subsystem configured substantially the same as the

first sensor cable subsystem, and

the method further comprises measuring a second voltage

between two or more electrodes, each electrode selected

from the plurality of electrodes 1n either the first or the
second sensor cable subsystems, with the voltage mea-
suring circuit of the second sensor cable subsystem.

25. The method of claim 24 further comprises synthesizing
a third voltage from the first voltage and the second voltage.

26. A method for conducting a marine electromagnetic
survey, the method comprising:

towing a marine electromagnetic sensor cable system

through a body of water, the marine electromagnetic

sensor cable system comprising a plurality of sensor
cable subsystems comprising, each sensor cable sub-
system comprising;

one or more sensor cable segments coupled at longitu-
dinal ends, each sensor cable segment comprising:

a plurality of spaced apart electrodes positioned with
respect to the sensor cable segment to electrically
contact the body of water when the sensor cable
segment 1s immersed therein, and

a plurality of electrical conductors, each of the plural-
ity of electrical conductors extending from one lon-
gitudinal end of the sensor cable segment to the
other,

wherein each of the plurality of spaced apart elec-
trodes 1s respectively coupled to a different conduc-
tor from the plurality of electrical conductors; and
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a signal processing module electrically coupled to one of
the one or more sensor cable segment at a longitudinal
end thereof, the signal processing module including a
voltage measuring circuit; and
measuring a {irst voltage between a first pair of electrodes, 5
cach electrode selected from any of the plurality of elec-
trodes with a first voltage measuring circuit from any of
the signal processing modules;
measuring a second voltage between a second pair of elec-
trodes, each electrode selected from any of the plurality 10
of electrodes with a second voltage measuring circuit
from any of the signal processing modules, wherein the
first pair of electrodes 1s not 1dentical to the second pair
of electrodes; and

synthesizing a third voltage from the first voltage and the 15
second voltage.
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